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The structure of tetrasodium pentadecamolybdenum nona- 
decasulflde, Na425Moi5Si9, is isotypic with NasgMoisSeig 
[Salloum et al. (2013). Acta Cryst. E69, i67-i68]. It is 
characterized by Mo6S'8S"6 and MogS'uS'e (where i represents 
inner and a apical atoms) cluster units that are present in a 1:1 
ratio. The cluster units are centered at Wyckoff positions 2b 
and 2c, and have point-group symmetry 3 and 6, respectively. 
The clusters are interconnected through additional Mo— S 
bonds. The Na^ cations occupy interunit voids formed by six or 
seven S atoms. One Mo, one S and one Na site [occupancy 
0.751 (12)] are situated on mirror planes, and two other S 
atoms and one Na site (full occupancy) are situated on 
threefold rotation axes. 

Related literature 

For previous reports on the crystal structure of the 
In^sMoisScig compounds, see: Griittner et al. (1979). For 
physical properties of this type of compounds, see: Seeber et 
al. (1979). The crystal structures of the substituted selenides 
Hoo vfjlui ggMoisScig and In() g7K2Moi5Sei() were reported by 
Salloum et al. (2006; 2007). For the isotypic sulfides 

lUs.yMOisSig, Ini.6Rb2MOi5Si9, In2.2CsMOi5Si9, SCTI2MO15S19 

and Na3 gMoisScjg, see: Salloum et al. (20040,6, 2013) and for 
Vj 42lni 83Moi5Sei9, see: Gougeon et al. (2010). For details of 
the and a-type ligand notation, see: Schafer & von Schnering 
(1964). 



Experimental 

Crystal data 

Na4.25MOi5Si9 

M, = 2145.95 
Hexagonal, Pd^Jm 
a = 9.5340 (1) A 
c = 18.9803 (3) A 
V = 1494.11 (3) A^ 

Data collection 

Nonius KappaCCD diffractometer 
Absorption correction: analytical 
(de Meulenaar & Tompa, 1965) 
r„i„ = 0.363, r„„ = 0.591 

Refinement 

R[F^ > 2a{F^)] = 0.030 

wR{F^) = 0.079 

S = 1.13 

1500 reflections 



Z = 2 

Mo Ka radiation 
11 = 7.44 mm"' 
T = 293 K 

0.18 X 0.14 X 0.08 mm 



16576 measured reflections 
1500 independent reflections 
1322 reflections with / > 2a(I) 
Ri„, = 0.085 



66 parameters 
Ap„ax = 1-51 e A"' 
Ap„i„ = -1.85 e A" 



Data collection: COLLECT (Nonius, 1998); cell refinement: 
COLLECT; data reduction; EVALCCD (Duisenberg, 1998): 
program(s) used to solve structure: SIR97 (Altomare et al., 1999) 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) 
molecular graphics: DIAMOND (Bergerhoff, 1996); software used to 
prepare material for pubUcation: SHELXL97. 

Intensity data were collected on the Nonius KappaCCD 
X-ray diffactometer system at the Centre de diffractometrie 
de rUniversite de Rennes I (www.cdifx.univ-rennesl.fr). 



Supporting information for this paper is available from the lUCr 
electronic archives (Reference: RU2060). 
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Na4.25Moi5Si9: a novel ternary reduced molybdenum sulfide containing Moe and 
M09 clusters 

D. Salloum^ P. Gougeon and P. Gall 
1 . Comment 

The reduced molybdenum compounds ln3 + ^MoisXiq {X= S, Se) (Griittner et al, 1979; Salloum et al, 2004fl) crystallize 
in an interesting structural type characterized by an equal mixture of M06 and M09 clusters and by In atoms that occupy 
two or three different crystallographically positions depending on their formal oxidation state of +1 or +3. Subsequently, 
isomorphous compounds such as Hoojelui esMoisSeig (Salloum et al, 2006), Ino.87K2Moi5Sei9 (Salloum et al, 2007), 
Vi.42lni.83Moi5Sei9 (Gougeon et al, 2010), InsjMoisSig (Salloum et al, 2004a), Ini.6Rb2Moi5Si9, In2.2CsMoi5Si9 and 
SCTI2M015S19 (Salloum et al, 20046) have been synthesized. In the latter compounds, the Ho, V and Sc atoms replace the 
trivalent indium and the K, Cs, and Tl atoms the monovalent one. Recently, we described the crystal structure of 
Na3 sMoisSew (Salloum et al, 2013) in which the sodium replaces the monovalent as well as the trivalent mdium for the 
first time. We present here the sulfide analogue Na425Moi5Si9. 

The Mo — S framework of the title compound consists of the cluster units MoeS'sS^e and Mo9S'iiS°6 in a 1:1 ratio (for 
details of the i- and a-type ligand notation, see Schafer & von Schnering (1964)). Both components are interconnected 
through additional Mo — Se bonds (Figs. 1 and 2). The first imit can be described as an Moe octahedron surrounded by 
eight face-capping inner S' and six apical S" ligands. The M09 cluster is surromided by 1 1 S' atoms capping one or two 
faces of the bioctahedron and six S" ligands above the apical Mo atoms. The Mo6S'8S''6 and Mo9S'iiS''6 units are centered 
at Wyckoff positions 2 b and 2c and have point-group symmetry 3 and 6, respectively. The Mo — Mo distances within the 
Moe cluster are 2.6900 (5) A for the distances of the Mo triangles formed by the Mol atoms related through the threefold 
axis, and 2.7098 (6) A for the distances between these triangles. The Mo — Mo distances within the M09 clusters are 
2.6349 (5) and 2.6756 (7) A in the triangles formed by the atoms Mo2 and Mo3, respectively, and 2.7081 (4) and 2.7303 
(4) A for those between the M023 and Mo33 triangles. All the latter Mo — ^Mo distances are closed to those observed in the 
selenide analogue indicating that the cationic charge transfer towards the Moe and M09 clusters are similar in both 
compounds. The S atoms bridge either one (SI, S2, S4 and S5) or two (S3) triangular faces of the Mo clusters. Moreover, 
atoms SI and S2 are linked to an Mo atom of a neighboring cluster. The Mo — S bond distances range from 2.4184 (14) to 
2.5624 (10) A within the MosS'sS^e unit, and from 2.4033 (13) to 2.5947 (8) A within the Mo9S'iiS°6 unit. In both cases, 
the shortest bonds involve the S4 and S5 terminal atoms and the longest ones correspond to the interunit Mol — S2 and 
Mo2 — SI bonds. Each Mo9S'iiS''6 cluster is thus interconnected to six MoeS'sS^e units (and vice versa) via Mo2 — SI 
bonds (and Mol — S2 bonds, respectively), forming the three-dimensional Mo — S framework, the connective formula of 
which is Mo9S'5S''\/2S''"'6/2, Mo6S'2S'"''6/2S''"'6/2. It results from this arrangement that the shortest intercluster Mol — Mo2 
distance is 3.5202 (6) A, mdicatmg only weak metal-metal interactions between the Mo clusters. The Nal+ cations are 
surrovinded by seven S atoms forming a distorted tricapped tefrahedron. The S5 and S2 atoms forming the tefrahedron are 
at 2.699 (5) and 3.1669 (13) A from the Nal atom, and the capping SI atoms are at 3.3609 (19) A. The Na2+ cations 



Acta Cryst. (2014). E70, i30 



sup-1 



supplementary materials 



occupy partially at 75.1% a triangular group of distorted octahedral cavities around the threefold axis, which are formed 
by two MoeS'gS-e and three MogS'iiS^e units. The Na2— S distances are in the 2.538 (4) - 3.055 (4) A range. 

2. Experimental 

Single crystals of Na425Moi5Si9 were prepared from an ion exchange reaction on single crystals of In3+ 1M015S19 with an 
excess of Nal at 1073 K. The mixture was sealed under vacuum in a long silica tube. The end of tube containing the 
crystals of In3 + jMoisSig and Inl was placed in a furnace with about 5 cm of the other end out from the furnace, at about 
the room temperature. The furnace was heated at 1073 K for 48 h. After reaction, crystals of Inl were observed at the cool 
end of the tube. The black crystals of the title compound were subsequently washed with water to remove the excess of 
Inl. Qualitative microanalyses using a Jeol JSM 6400 scanning electron microscope equipped with a Oxford INCA 
energy- dispersive-type X-ray spectrometer did not reveal the presence of indium in the crystals and indicated roughly 
stoichiometrics comprised between 3.8 and 4.4 for the Na content. 

3. Refinement 

No significant deviation from full occupancy was observed for Nal. The site occupation factor of Na2 was refined freely 
leading to the final stoichiometry Na4.25(4)Moi5Si9. 




Figure 1 

View of Na4.25Moi5Sit) along [110]. Displacement ellipsoids are drawn at the 97% probability level. 
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Figure 2 

Plot showing the atom-numbering scheme and the interunit linkage of the MogSnSe and MoeSgSe cluster units. 
Displacement ellipsoids are drawn at the 97% probability level. 

Tetrasodium pentadecamolybdenum nonadecasulfide 



Crystal data 

Na4.25MOl5Sl9 

M- = 2145.95 
Hexagonal, P6-ilm 
fl = 9.5340(1) A 
c= 18.9803 (3) A 
V= 1494.11 (3) A3 
Z=2 

F(000) = 1962 

Data collection 

Nonius KappaCCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
(p scans (a; = 0) + additional co scans 



D„ = 4.770 Mg m-3 

Mo Ka radiation, 1 = 0.71069 A 

Cell parameters from 16576 reflections 

(9 = 2.2-30.0° 

H = lAA mm"' 

r=293K 

Multi-faceted crystal, black 
0.18 X 0.14 X 0.08 mm 



Absorption correction: analytical 
(de Meulenaar & Tompa, 1965) 
r„.„ = 0.363, r„ax = 0.591 
16576 measured reflections 
1500 independent reflections 



Acta Cryst. (2014). E70, i30 



sup-3 



supplementary materials 



1322 reflections with/> 2a{I) 
Rm = 0.085 

^max = 30.0°, ^min = 2.2° 

Refinement 

Refinement on P- 

Least-squares matrix: full 

R[F^ > laiF^)] = 0.030 

wRiF") = 0.079 

5= 1.13 

1500 reflections 

66 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



= -12^13 
A:=-13^11 
/ = -22^26 



Secondary atom site location: difference Fourier 
map 

w = l/[o^(i^o') + (0.0337P)2 + 5.1576P] 
where P=(Fo2 + 2Fe2)/3 

(A/(7)„,ax = 0.001 

Apm.^^ 1.51 e 
Ap:„in = -1.85 e A"^ 

Extinction correction: SHELXL97 (Sheldrick, 

2008), Fc=kFc[l+0.001xFc2AVsin(2^)]-"^ 
Extinction coefficient: 0.00266 (19) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into accoimt individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of 7^ against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > a{F'-) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on 7^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 




Occ. (<1) 


Mol 


0.84424 (3) 


0.01344 (3) 


-0.058496(18) 


0.01072 (12) 




Mo2 


0.50077 (4) 


-0.18303 (4) 


0.131678 (19) 


0.01177(12) 




Mo3 


0.34797 (5) 


-0.16448 (5) 


0.2500 


0.01301 (13) 




SI 


0.71650(10) 


0.02755 (11) 


0.05118(5) 


0.01268 (18) 




S2 


0.36949(11) 


-0.01601 (11) 


0.13948 (5) 


0.01344 (19) 




S3 


0.05126(16) 


-0.30754 (17) 


0.2500 


0.0171 (3) 




S4 


0.0000 


0.0000 


-0.15617(9) 


0.0184 (3) 




S5 


0.3333 


-0.3333 


0.03365 (9) 


0.0156(3) 




Na2 


0.7703 (5) 


-0.0623 (4) 


-0.2500 


0.0283 (12) 


0.751 (12) 


Nal 


0.3333 


-0.3333 


-0.1085 (3) 


0.0789 (17) 




Atomic displacement parameters (A^) 














Mol 


0.01252 (16) 


0.01051 (16) 0.00816(19) 0.00505 (11) 


0.00061 (10) 


-0.00031 (9) 


Mo2 


0.01434(17) 


0.01410 (17) 0.00778 (19) 0.00778 (12) 


-0.00017 (10) 


-0.00005 (10) 


Mo3 


0.0153 (2) 


0.0159(2) 0.0075 (2) 


0.00754 (17) 


0.000 


0.000 


SI 


0.0121 (4) 


0.0138 (4) 0.0121 (4) 


0.0064 (3) 


0.0013 (3) 


0.0005 (3) 


S2 


0.0154(4) 


0.0143(4) 0.0112(4) 


0.0079 (3) 


0.0001 (3) 


0.0008 (3) 


S3 


0.0185 (6) 


0.0198 (6) 0.0133 (7) 


0.0098 (5) 


0.000 


0.000 


S4 


0.0228 (5) 


0.0228 (5) 0.0095 (8) 


0.0114(2) 


0.000 


0.000 


S5 


0.0187 (4) 


0.0187 (4) 0.0093 (7) 


0.0094 (2) 


0.000 


0.000 


Na2 


0.040 (2) 


0.0256 (19) 0.026 (2) 


0.0218 (16) 


0.000 


0.000 
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Nal 0.109 (3) 


0.109(3) 0.018(2) 


0.0547 (14) 0.000 


0.000 


Geometric parameters (A, °) 


Mol— S4' 


2.4184(14) 


S2— Mol'^ 


2.5624 (10) 


Mol— SI 


2.4492 (10) 


S2— Na2'^ 


2.781 (2) 


Mol— SI" 


2.4565 (9) 


S2— Nal" 


3.1669(13) 


Mol— SI"' 


2.4830 (9) 


S3— Mo3"" 


2.4419(14) 


Mol— S2'^ 


2.5624 (10) 


S3— Na2'=' 


2.538 (4) 


Mol— Mor 


2.6900 (5) 


S3— Mo2'' 


2.5947 (8) 


Mol — Mol^ 


2.6900 (5) 


S3— Mo2™ 


2.5947 (8) 


Mol— Mol"' 


2.7098 (6) 


S3— Na2™ 


3.055 (4) 


Mol— Mol" 


2.7098 (6) 


S4 — MoP" 


2.4184 (14) 


Mol— Na2 


3.7042 (8) 


S4— Mol''"' 


2.4184(14) 


Mo2— S5 


2.4033 (13) 


S4 — Mol™ 


2.4184(14) 


Mo2— S2 


2.4733 (9) 


S4— Na2'='" 


2.649 (3) 


Mo2— S2"' 


2.5070 (9) 


S4— Na2™' 


2.649 (3) 


Mo2— SI 


2.5429 (10) 


S4— Na2'^' 


2.649 (3) 


Mo2— S3™ 


2.5947 (8) 


S5— Mo2™ 


2.4033 (13) 


Mo2— Mo2™ 


2.6349 (5) 


S5— Mo2™ 


2.4033 (13) 


Mo2— Mo2™ 


2.6349 (5) 


S5— Nal 


2.699 (5) 


Mo2— Mo3™ 


2.7081 (4) 


Na2— S3'='^ 


2.538 (4) 


Mo2— Mo3 


2.7303 (4) 


Na2— S4' 


2.649 (3) 


Mo3— S3™ 


2.4419 (14) 


Na2— S4''^ 


2.649 (3) 


Mo3— S3 


2.4504 (14) 


Na2— S2™ 


2.781 (2) 


Mo3— S2« 


2.4810(10) 


Na2— S2'" 


2.781 (2) 


Mo3— S2 


2.4810 (10) 


Na2— Mo3'^ 


2.896 (3) 


Mo3— Mo3™ 


2.6756 (7) 


Na2— S3'^ 


3.055 (4) 


Mo3 — Mo3"' 


2.6756 (7) 


Na2— Na2^ 


3.397 (6) 


Mo3— Mo2™' 


2.7081 (4) 


Na2— Na2" 


3.397 (6) 


Mo3 — Mo2'= 


2.7081 (4) 


Na2 — Mol™' 


3.7042 (8) 


Mo3— Mo2'^ 


2.7303 (4) 


Nal— S2™" 


3.1669(13) 


Mo3— Na2" 


2.896 (3) 


Nal— S2'^ 


3.1669 (13) 


SI— Mol'" 


2.4565 (9) 


Nal— S2" 


3.1669(13) 


SI— Mol" 


2.4830 (9) 


Nal— Sl'^ 


3.3609 (19) 


SI— Nal" 


3.3609 (19) 


Nal— Sr™ 


3.3609 (19) 


S2— Mo2™ 


2.5070 (9) 


Nal— SI" 


3.3609 (19) 


S4'— Mol— SI 


171.81 (4) 


Mol— SI— Mol" 


66.65 (3) 


S4'— Mol— SI" 


90.83 (2) 


Mol'"— SI— Mol" 


65.99 (3) 


SI— Mol— SI" 


89.17(2) 


Mol— SI— Mo2 


134.06 (4) 


S4'— Mol— SI'" 


90.20 (2) 


Mol'"— SI— Mo2 


130.92 (4) 


SI— Mol— SI'" 


88.56 (2) 


Mol"— SI— Mo2 


82.94 (3) 


SI"— Mol— SI"' 


171.12 (4) 


Mol— SI— Nal'^ 


127.79 (8) 


S4'— Mol— S2" 


93.04 (4) 


Mol'"— SI— Nal'^ 


97.39 (3) 


SI— Mol— S2" 


95.15(3) 


Mol"— SI— Nal'^ 


153.45 (7) 


SI"— Mol— S2™ 


91.20 (3) 


Mo2— SI— Nal'^ 


94.64 (6) 


SI"'— Mol— S2'^ 


97.55 (3) 


Mo2— S2— Mo3 


66.88 (3) 


S4'— Mol— Mor 


56.21 (2) 


Mo2— S2— Mo2™' 


63.88 (2) 


SI— Mol— Mor 


116.82(2) 


Mo3— S2— Mo2™ 


65.76 (2) 
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SI — JVlol — Mol 


117.37 (2) 


bl — ^Mol — Mol 


56.53 (2) 


— ^Mol — ^Mol 


135.73 (2) 


M — Mol — Mol 


56.21 (2) 


CI Ayf^l A^^lvi 

SI — Mol — Mol 


117.4o (2) 


Clii A>f„1 A/T^lvi 

SI — Mol — Mol 


57.48 (2) 


SI — ^Mol — Mol" 


116.43 (2) 


Si — Mol — Mol 


13Lo5 (2) 


Mol — Mo i — Mo 1 


oU.U 


S4 — Mol — Mol 


116.37 (2) 


SI — Mol — Mol 


56.60 (2) 


Clii A>f^1 A/T^liii 

S 1 — Mo 1 — Mo 1 


1 15.64 (3) 


C 1 iii A ^ ^ 1 A 4"^ 1 iii 

al — ^Mol — Mol 


AO /0\ 

DO.Uo (2) 


S2" — ^Mol — Mol 


138.14 (2) 


A (T 1 V A yf 1 A >r 1 iii 

Mol — Mo 1 — Mo 1 


/'A ^ /I 1 /0\ 

60.241 (8) 


A J„ 1 vi A li ^ 1 A 4" „ 1 iii 

Mol — Mo 1 — Mo 1 


AA A 


Si4 — Mol — Mol 


116.37 (2) 


o 1 A >r_ 1 A >r_ 1 ii 

SI — Mol — Mol 


57.27 (2) 


Clii A(f 1 AT iii 

S 1 — Mo 1 — Mo 1 


56.34 (2) 


C 1 iii A /T^ 1 A K ^ 1 ii 

SI — ^Mol — Mol 


115.54 (3) 


ooiiv A >r«. 1 A T.^ 1 ii 

S2" — ^Mol — ^Mol 


134.12 (2) 


Mol — ^Mol — Mol 


90.0 


AiT Ivi A>r 1 A/T iii 

Mol — Mo 1 — Mo 1 


/'A 'I /I 1 /0\ 

60.241 (8) 


A K ^ 1 iii A J„ 1 A >r„ 1 ii 

Mol — Mol — Mol 


C A CIO /I 

59.518 (16) 


C/li AyT^I XT„^ 

S4' — Mol — Na2 


45.53 (6) 


CI A J" 1 TvT ^ 

SI — Mol — Na2 


1 /n CI 

142.51 (6) 


C 1 ii AT 1 "KT 

SI — Mol — Na2 


83.36 (6) 


C 1 iii A K ^ 1 TvT-,'^ 

SI — Mol — Na2 


1 AO C C /^\ 

103.55 (6) 


C^iv AJ^I XTr.'^ 

" — ^Mol — JNaz 


AQ CO 

48.59 (6) 


A iff 1 V A >r 1 XT '^ 

MoP — Mol — Na2 


A A A /I f /'\ 

99.04 (6) 


A <ff™ 1 vi A /T™ 1 XT,-.'! 

Mol — Mol — JNaz 


OO AT ^ c\ 

88.97 (5) 


A 1 iii A fl"-^ 1 XT-^^ 

Mol — ^Mol — Naz 


156.07 (6) 


A It^ 1 ii A It^ 1 XTr. 

Mol — ^Mol — JNaz 


1 ■3'7 /ex 
13 /. /5 P) 


C C A J '1 CI 

S5 — Mo2 — S2 


A 1 T A /'T\ 

91.79 (2) 


CC A /T^'! C^vii 

S5 — ^Mo2 — S2™ 


AA AZ; 

90.96 (2) 


O AJ-,'^ Ovii 

S2 — ^Mo2 — S2™ 


1 AA t A\ 

172.09 (4) 


C C A K C 1 

S5 — Mo2 — S 1 


A^ 'IZT 

92.26 (3) 


CI A /T^'^ C 1 

S2 — Mo2 — S 1 


OA O/C /OA 

89.86 (J) 


C Ovii A /T^ C 1 

S2 — Mo2 — S 1 


AT /I A ('~>\ 

9/A4 (3) 


S5 — ^Mo2 — S3™ 


170.70 (4) 


C-^ A /T^'! CTvii 

S2 — Mo2 — S3 


86.62 (4) 


C "^vii A C O vii 

b2™ — Mo2 — S3™ 


OA An / A\ 

89.47 (4) 


01 A>r_'^ Ovii 

SI — Mo2 — S3™ 


A/T OA /IN 

96.89 (3) 


i)j — Moz — Moz 


56. /6 (Z) 


S2— Mo2— Mo2™ 


118.56(2) 


S2™— Mo2— Mo2™ 


57.44 (2) 


SI— Mo2— Mo2™ 


136.00 (2) 


S3"'— Mo2— Mo2"' 


116.29 (3) 


S5— Mo2— Mo2™' 


56.76 (2) 



A/f^'l C! AT^liv 

Mo2 — S2 — Mo 1 


1 on 1 o ( A\ 
129. li (4) 


Ayf^T CT A /ff„ 1 iv 

Moi — S2 — Mo 1 


100 OO f A\ 

vil.SS (4) 


A 4" — viii O '! A >r 1 iv 

Mo2™ — S2 — Mo 1 


O-O A"7 /0\ 

82.07 (3) 


A XT-,^iv 

Mo2 — S2 — Na2" 


133.09 (7) 


A /T^T CO XT^-^iv 

Moi — S2 — Na2 


66.52 (6) 


A T^'^viii C XT„liv 

Mo2 — S2 — N a2 


1 AA A A /0\ 

100.94 (8) 


Mol — S2 — Na2" 


87.68 (6) 


Mo2 — Sz — JN a 1 


1 A 1 AO /O \ 

101.03 (3) 


Mo J — bz — Nal 


1 OO 1 c /n\ 
122. 1j (9) 


A /T^^viii C XT„ 1 iv 

Mo2 — S2 — N a 1 


1 ZTA 1 /I /T\ 

160.14 (7) 


A >r — 1 iv C! XT~ 1 iv 

Mol" — S2 — Nal" 


1 AA 1 C /TN 

100.15 (7) 


XT^-^iv XT.^ 1 iv 

N a2 — S2 — N a 1 


AO O O /I A\ 

98.88 (10) 


'\ K viii C5 A yf 1 

Mo3 — !b3 — Mo3 


66.31 (4) 


A 4" _ T viii CI 1 XT^'^xi 

Mo3" — S3 — Na2'" 


1 C7 1 A yi 1 \ 

157.19 (11) 


A (T T O XT ^^xi 

Mo3 — S3 — Na2'" 


lO/' CA /11\ 

136.50 (11) 


A^'^Oviii CO AJ..>1x 

MoJ — S3 — Mo2 


c c? /o \ 

65.57 (3) 


Mo3 — S3 — Moz 


64.86 (i) 


Na2'^ — S3 — Mo2'' 


1 1 A O A /0\ 

119.39 (3) 


AJ" Oviii CO AT Ovill 

Mo3 — S3 — Mo2™' 


65.57 (3) 


Ayf^O CO A /T^'! viii 

Moi — Si — Mo2" 


HA on /O \ 

64.86 (3) 


XT— ""iTci OO A iT "^viii 

N a2'^ — S 3 — ^Mo2™ 


1 1 A '>A 

119.39 (3) 


A 4'_^Tf OO A K 'Oviii 

Mo2 — S 3 — Mo2™ 


1 1 A OA / C\ 

119.89 (5) 


A K Oviil CO XT O iv 

Mo3 — S3 — Na2" 


1 O O /' /' /o\ 

128.66 (8) 


A J^^O CO XT-.'Oiv 

Mo3 — S3 — Na2" 


Zl^O O C 

62.35 (7) 


XT-,'^xi OO XT.^'^iv 

Na2'° — S3 — Na2" 


74.15 (16) 


A /T^Ox CO XT^Oiv 

Mo2 — Si — N a2 


AO 1 /T /C\ 

92.16 (5) 


A /T^Oviii CO XT^Oiv 

Mo2 — Si — N a2 


AO 1 z; /c\ 

92.16 (5) 


A K ^ 1 xii OA A \ ^ 1 xiii 

Mo 1 — S4 — Mo 1 


£.n CO /c\ 

67.58 (5) 


A K ^ 1 xii A A K 1 viii 

Mol — S4 — Mo 1 


^.n CO /c\ 

67.58 (5) 


A J' 1 Yiii C ^ ATI viii 

Mol — S4 — Mo 1 


67.58 (5) 


A K ^ 1 xii C A XT — Oxiii 

Mo 1 — S4 — N a2 


1 c 1 1 c 

151.15 (7) 


A 4" — 1 xiii O A XT— '^xiii 

Mol — S4 — Na2 


AO OO ( C\ 

93.82 (5) 


A Jrt. 1 viii O A XT^i Oxiii 

Mo 1 — a4 — JN az 


VII AI (/) 


AT 1 XII C /I XT Oviii 

Mo 1 — S4 — N a2"" 


1 0^7 1 O /T\ 

127.12 (7) 


A T— 1 xiii C /I XT — Oviii 

Mo 1 — S4 — N a2 


1 C 1 1 C /TN 

151.15 (7) 


A T — 1 viii O ^ XT— '^viii 

Mo 1 — S4 — JN a2™ 


AO OO /C\ 

93.82 (5) 


XTr. O xiii C A XTr. O viii 

JN az — b4 — JN az 


nci ^^w 
/9. 10 (9) 


A yr„ 1 xii C /I XT.^Oxii 

Mo 1 — S4 — N a2 


AO OO f C\ 

93.82 (5) 


A yf^ 1 xiii C /I XT^Oxii 

Mo 1 — S4 — N a2 


1 OT 1 O 

127.12 (7) 


A T — 1 viii O A XT— 'Oxii 

Mol — S4 — JN£l2 


1 CI 1 c tn\ 

151.15 (7) 


XT— "Oxiii C /I XT— 'Oxii 

N ai — S4 — N ai 


nci nc /A\ 

79.75 (9) 


XT — Oviii C A XT— Txii 

JN a2 — S4 — N a2 


nc\ nc /A\ 

79.75 (9) 


A T — ^viii OC A (T- 'O 

Mo2™ — S5 — Mo2 


Z" /T /I O / /I \ 

66.48 (4) 


A /r^-.Oviii C C A T^^Ovii 

Moz — S5 — Mo2 


66.48 (4) 


Mo2— S5— Mo2"' 


66.48 (4) 


Mo2™'— S5— Nal 


140.73 (3) 


Mo2— S5— Nal 


140.73 (3) 


Mo2"'— S5— Nal 


140.73 (3) 


S3™— Na2— S4' 


89.92 (9) 
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— Moz — Moz 


58.08 (2) 


C T xiv AT„1 C Akv 

S3 — N az — S4 


OA A'l /A\ 

89.92 (9) 


bz™ — Moz — Moz™ 


117.32 (2) 


Cyli A.T-,'^ C,1xv 

S4' — lNa2 — S4'™ 


OA AC\ / ^ 

84.49 (12) 


Si — ^Moz — Moz™ 


131.42 (2) 


S3™^ — ^Na2 — S2™ 


1 1 0 T/l /I A\ 

112.74 (10) 


Si" — Moz — Moz™ 


115.08 (3) 


0 Ai XT„0 COxvi 

S4' — ^Na2 — S2™ 


1 C yl 0 1 /I C\ 

154.21 (15) 


Moz™ — Mo2 — Moz™ 


60.0 


S4 — Na2 — S2 


O"? A £^ / A\ 

83.46 (4) 


!s5 — ^Moz — Mo3 


ilo.l4 (z) 


C T xiv XT„1 C^iv 

S3 — N a2 — S2™ 


1 1 T HA /"I A\ 

112.74 (10) 


sz — ^Moz — ^Mo3 


115.63 (3) 


Ai XT„0 COiv 

S4' — Na2 — S2" 


0 A ^ ^ A\ 

83.46 (4) 


»2 — Mo2 — Mo3 


56.66 (z) 


C /I XV AT„1 C 1 iv 

S4 — Na2 — S2 


1 C ^ 1 1 /'I C\ 

154. zl (15) 


jil — Moz — Mo3 


13 /.o3 (3) 


C 1 xvi XT^i 1 C 0 iv 

bz — JNaz — Sz 


9/. 94 (11) 


S3 — Mo2 — Mo3 


54.99 (3) 


CTxiv AT„1 AJ^Oiv 

S3 — Na2 — Mo3" 


1 /I c £ 1 /I zr\ 

145.61 (16) 


Mo2™ — Mo2 — Mo3™ 


61.444 (11) 


S4' — ^Na2 — ^Mo3" 


1 t A TA /A\ 

114.79 (9) 


Mo2 — Moz — Mo3 


90.670 (10) 


C A XV XT„'^ AT„Oiv 

S4 — Na2 — Mo3 


1 1 yi nr\ /A\ 

114.79 (9) 


S)D — ^Moz — Mo3 


11 /.z9 (z) 


Sz^ — JNaz — Mo3 


CI no 
51. /o (6) 


S2 — Mo2 — Mo3 


^n /'0\ 

56.69 (2) 


S2" — Na2 — Mo3™ 


CI no 

51.78 (6) 


g2vu — Mo2 — Mo3 


115.55 (3) 


C 0 XIV X T ^ IV 

S3XIV — ]sg^2 — S3'^ 


l/'C OC /1C\ 

165.85 (15) 


S 1 — Moz — Mo i 


133.65 (3) 


C A '\ XT^O COiv 

S4 — Naz — S3 


nc\ HZ /A\ 

79.65 (9) 


J)3 — Moz — Mo3 


54.5/ (3) 


C A XV XTn ^ C "5 iv 

t>4 ' — JNaz — S3 


nc\ ^c /r\\ 
/9.65 (9) 


Moz™ — MOz — Mo3 


90.184 (10) 


b2™ — Na2 — S3"^ 


75.81 (8) 


Mo2™' — Mo2 — Mo3 


/' f\ r r\f\ /I 1 \ 

60.600 (11) 


S2" — Na2 — S3 


T c 01 /o\ 

75.81 (8) 


Mo3 — Moz — Moi 


CO A /I A /I Zl\ 

58.940 (16) 


Ayf^Tiv XT„'^ COiv 

Mo3 — Naz — S3"^ 


AO C A 

48.54 (6) 


b3 — ^Mo3 — 1>3 


1 /cn 
1 73.69 (4) 


S3 — JNaz — ^JNaz^ 


1 1 A AA /"I 

119.90 (13) 


S3™ — Mo3 — S2'^ 


OA 00 /^\ 

89.88 (3) 


S4' — Na2 — Na2^ 


CA 1 "i /c\ 

50.13 (5) 


CO AJT Oix 

S3 — Mo3 — 82'" 


AO /I 0 /O \ 

93.48 (3) 


CI A-xv XT '1 XT '^v 

S4^^ — Na2 — Na2^ 


50.13 (5) 


CTvii A^^'J CI 

S3 — Mo3 — S2 


OA 00 /T\ 

89.88 (3) 


CTxvi XT.^'l XT.^^v 

b2™ — Na2 — Na2^ 


1 AC C A / 1 

105.50 (12) 


S3 — Mo3 — S2 


AT AO 

93.48 (3) 


S2" — Na2 — ^Na2^ 


1 AC CA /I 0\ 

105.50 (12) 


C^ix AT O C^ 

82'" — Mo3 — S2 


11c AC / A\ 

115.45 (4) 


A yf O iv XT XT '^v 

Mo3™ — Na2 — Na2'^ 


A/1 /IA/1C\ 

94.49 (15) 


S 3 — Mo 3 — Mo 3 


1 1 T A A / -1 \ 

117. UU (4) 


CTiv XT^'^ XT.^Tv 

S3 — Naz — N az 


AC AC 

45.95 (11) 


S3 — Mo3 — Mo3 


56.69 (4) 


C O xiv XT„^ XT„1vi 

S3™ — Na2 — Na2" 


C A AA / 1 O \ 

59.90 (13) 


az — ^Mo3 — Mo3 


1 1 0 /I T /"OA 

118.4/ (z) 


s4 — Naz — Naz" 


CA 1 /'C\ 

50.13 (5) 


S2 — Mo3 — Mo3'^'" 


110 /IT {'^\ 

118.47 (2) 


C >1 XV XT '1 XT '^vi 

84""^ — Na2 — Na2" 


50.13 (5) 


C O vii AT^O AT^O vii 

5(3 — Mo3 — Mo3 


zn AA i A\ 

57.00 (4) 


C'^xvi XT™'^ XT^'lvi 

S2™ — Na2 — Na2" 


130.76 (6) 


A>r«.'> AJ-^'ivii 

S3 — ^Mo3 — ^Mo3™ 


116.69 (4) 


S2" — Na2 — ^Na2" 


1 '5A / ^\ 

130.76 (6) 


az — ^Mo3 — Mo3 


116.54 (z) 


Mo3 — Naz — ^Naz 


1 C/l AC\ /I C\ 

154.49 (15) 


Ajff O AT Tvii 

S2 — Mo3 — Mo3'^" 


116.54 (2) 


Oiv XT XT '^vi 

S3'^ — Na2 — NaT" 


1AC AC 

105.95 (11) 


A 4" „ O viii AJ^O AJ^O vii 

Mo3 — Mo3 — Mo3 


ZTA A 

60.0 


XT^'^v XT^'l XT^^vi 

Na2^ — Na2 — Na2" 


60.0 


S3 — Mo3 — Mo2™ 


i t n c^T /I c\ 

117.827 (15) 


C^xiv XT«'^ AyT-^l 

S3^ — Naz — Mol 


AT A^ /C\ 

97.96 (5) 


CI A T ^ '5 A T ^ 0 viii 

S3 — Mo J — Moz 


/:A 1 /1A /I y1\ 

6U.14y (14) 


C A i XT^O A 1 

S4 — N az — Mo 1 


Af\ £iC <"3\ 

40.65 (3) 


C^i\ AJ„ viii 

Sz — Mo3 — Mo2 


1 C A A 1 /O \ 

150.01 (3) 


C/lxv XT„^ A /T^ 1 

S4 — Naz — Mol 


Iz4.i0 (Iz) 


S2 — Mo3 — Mo2™ 


CO CO /'^X 

57.58 (2) 


C^xvi XT.^O A>f^1 

Sz — Naz — Mol 


139.27 (11) 


A 4" _ viii Tk JF 0 A iT '^viii 

Mo3 — Mo3 — Moz™ 


^A A /I /I /I 0\ 

60.944 (12) 


S2'^ — Na2 — Mol 


A'^ OO /0\ 

43.72 (2) 


A J„Ovii A 4" „ T A J^'^viii 

Mo3 — Mo3 — Mo2™ 


OA OA /I /I A\ 

89.004 (10) 


Mo 3 — N az — Mo 1 


on TA f C\ 

87.79 (5) 


0 O vii A>r„T A>r„'^Tt 

S3 — Mo3 — Mo2 


1 IT OT7 /I C\ 

117.827 (15) 


CTiv XT.^O A>ff^1 

S3 — Na2 — Mol 


OA OA f C\ 

80.39 (5) 


S3 — Mo3 — Mo2'' 


Z'A 1 A /I A\ 

60.149 (14) 


XT— '*>V XT_^ A >r_ 1 

Na2^ — Na2 — Mol 


79.33 (6) 


Sz — Mo3 — Moz 


CO /o\ 
5 /.5o (z) 


XT..Ovi XT..O A/f^l 

Naz — Naz — Mol 


'5 -1 /C\ 

8 /.34 (5) 


S2— Mo3— Mo2'= 


150.01 (3) 


83""- Na2— MoF™ 


97.96 (5) 


Mo3™— Mo3— Mo2'^ 


60.944 (12) 


S4'— Na2— MoP™ 


124.10(12) 


Mo3™— Mo3— Mo2'' 


89.804 (10) 


84"^- Na2— MoP™ 


40.65 (3) 


Mo2""— Mo3— Mo2'^ 


112.05 (2) 


82""— Na2— MoF"' 


43.72 (2) 


S3™— Mo3— Mo2« 


59.911 (14) 


82'^— Na2— MoP™ 


139.27(11) 
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S3 — JVloi — Moz 


117.957 (16) 


A T „ T iv XT„^ A li ^ 1 xvii 

Mo3 — N a2 — Mo 1 


on nc\ /c\ 

87.79 (5) 


bZ — Moj — Moz 


56.42 (2) 


S3 — JNa2 — Moi 


OA T A ( Z\ 

80.39 (5) 


bz — ^JVloi — mo2 


146.91 (3) 


JNa2* — JNa2 — ^Mol 


79.33 (6) 


Mo3 — Mo3 — Moz 


89.333 (10) 


Naz" — ^Naz — Mol 


87.34 (5) 


Mo3 — Mo3 — Moi 


60.1 16 (Iz) 


A yT— . 1 XT— ^ A yT— . 1 xvii 

Mol — Naz — Mol 


1 CT TO / 1 1 \ 

157.78 (11) 


Mo2 — Mo3 — Mo2 


1 A £^ An C /I o\ 

146.475 (18) 


CC XT— 1 C^xviii 

S5 — Nal — S2™" 


1 AA ZTA /AX 

100.69 (9) 


Mo2 — Mo3 — Mo2 


57.956 (12) 


S5 — Nal — S2" 


1 AA ^A /A\ 

100.69 (9) 


CTvii AT-^'J A^-,T 

»3 — Mo3 — JVlo2 


59.911 (14) 


O^xviii XT„ 1 0 1 iv 

Sz — N a 1 — Sz 


116.64 (6) 


b3 — Mo3 — Jvlo2 


11 /.Vj / (lo) 


Sj — JNal — bl 


1 AA jCA 

100.69 (9) 


s2 — Mo3 — Mo2 


146.91 (3) 


Clxviii XT^ 1 Clii 

hi — Nal — S2" 


116.64 (6) 


S2 — ^Mo3 — Moz 


56.42 (2) 


S2" — Nal — S2" 


116.64 (6) 


Mo3 — Moi — Mo2 


on T T T /I A\ 

89.333 (10) 


C C XT— 1 C 1 iv 

S5 — Nal — bV 


T 1 1 A /0\ 

71.10 (8) 


Mo3 — Moi — JVloz 


oO.llo (IZ) 


C Oxviii XTr. 1 C 1 iv 

S2 ™ — Nal — bl 


z^z: CO 

66. 5o (Z) 


Moz™ — Moi — Moz 


57.956 (12) 


COiv XT„ 1 C 1 iv 

S2" — Nal — SI" 


£c /:in 

65.67 (2) 


Moz — Moi — Moz 


146.475 (18) 


C "^ii XT— 1 C 1 iv 

bl — Nal — b\ 


171.77 (17) 


Moz — Moi — Moz 


1 1 A /C^TA /I A\ 

110.679 (19) 


C C XT— 1 CI xviii 

S5 — N a 1 — S 1 


T 1 1 A /0\ 

71.10 (8) 


CI vii N /f ^1 XT^Oiv 

by — Moi — JN 3.2 


11 /.20 (8) 


C Oxviii XTr. 1 CI xviii 

b2 — N a 1 — b 1 


izn /'^\ 
6j.6/ (Z) 


s3 — Mo3 — Na2" 


69.11 (8) 


Ci'^iv XT— 1 0 1 xviii 

S2" — Nal — SI ™ 


\i\.n (17) 


82'" — Mo3 — Na2" 


61.70 (3) 


S2" — Nal — SI 


66.58 (2) 


b2 — Mo3 — lNa2" 


61.70 (3) 


C 1 iv XT— 1 CI xviii 

SI" — Nal — SI 


1 1 A AO /'0\ 

110.03 (8) 


Mo3 — Mo3 — ^JNaz 


1 OA /'0\ 

125.80 (8) 


O C XTn 1 C 1 ii 

!s5 — Nal — al 


/1. 10 (8) 


Mo3 — Mo3 — JN a2 


1 1 A OA /0\ 

1 /4.20 (8) 


O^xviii XTrt 1 0 1 ii 

5)2 " — Nal — si 


i 1 V.I 1 (1 /) 


Mo2™'— Mo3— Na2" 


93.43 (4) 


S2"— Nal— SI" 


66.58 (2) 


Mo2''— Mo3— Na2" 


93.43 (4) 


S2"— Nal— SI" 


65.67 (2) 


Mo2'^— Mo3— Na2" 


117.90(3) 


SI"— Nal— SI" 


110.03 (8) 


Mo2— Mo3— Na2" 


117.90 (3) 


SI™"— Nal— SI" 


110.03 (8) 


Moi— SI— Moi'" 


67.06 (3) 







Symmetry codes: (i) x+\,y, z; (ii) x—y, x—\, —z; (m)y+l, —x+y+l, — z; (iv) — —y, — z; (v) — x+>'+2, — z; (vi) —y+l, x—y—l, z; (vii) —x+y+l, —x, z; 
(viii) — x—y-\,z; (ix) x, — z+1/2; (x) —y, x—y—l, — z+1/2; (xi) x— >^1, x—l, — z; (xii) — x+jH-l, — z; (xiii)x— !,_>', z; (xiv)>H-l, — x+y, — z; (xv) 
-z-1/2; (xvi) -x+1, -y, z-1/2; (xvii)x,>', -z-1/2; (xviii) -x+y, -z. 
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